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APPARATUS AND METHOD FOR CLBANIKG AND PRE-MIUCING A TEAT OF A 
MILKING ANIMAL 

TECHNICAL FIELD OP THE INVENTION 

The present invention relates generally to dairy farming, and 
more specifically to apparatuses and methods for cleaning and 
pre-milking a teat of a milking animal prior to the milking 
animal being milked. 

■ 

DESCRIPTION OP RELATED ART AND BACKGROUND OP THE INVENTION 

When a milking animal presents for milking it is important to 
ensure that the teat is free of any soiling or condition that 
could contaminate milk drawn from the teat by a milking 
apparatus. Various teat -cleaning techniques have been proposed 
and applied such as water or cleaning fluid sprays and brushes, 
see e.g. US 6,626,13, US 6,591,784, US 6,553,9425, 211,132, US 
5,235,937, and US 4,305,346, 

It is also desirable and even a legal requirement in some 

countries to pre-milk the teats. By pre-milking is here meant 

the first phases of milking in which the teat is stimulated in 

order to stimulate the milk ejection reflex and induce milk 

letdown; and the pre-milking is started and an amount of milk, 

also called cistern milk, is collected separately for inspection 

and/ or is discarded in order to prevent contaminants, on or 

inside the teat, from being transported into a milk storage 
tank. " . . ... .. .. 

US 6,321,682 Bl discloses a teat cleaning and pre-milking device 
comprising a teat receiving means having a teat receiving 
opening, sealing means for sealing the opening against an udder, 
teat cleaning means for cleaning a teat inserted into the teat 
receiving means and means for extracting foremilk from the teat. 
The teat cleaning means comprises at least one nozzle for 



injecting fluid therein or cylindrical rotatable brushes; and 
the means for extracting foremilk compriseB vacuum- supplying 
means for providing the teat receiving means with an under- 
pressure. 

US 6,155,204 discloses means for removing foremilk constituted 
by the cleaning means, themselves. The cleaning means are 
preferably active in a cleaning mode and subsequently in a 
foremilking mode, A sensor can be provided to detject whether or 
not foremilk has been ' removed . The application of such a sensor 
enables removal of foremilk during a fixed time from the moment 
which foremilk has been detected by the sensor. When the 
foremilking mode has started, but after a certain time, e,g. 
after from three to six seconds, still no foremilk has been 
detected, the pressure applied on the teats by the means for 

• 

removing foremilk can be increased. Furthermore, means can be 
provided to check the foremilk collected, e.g., its color, 
electrical conductivity/ filter resistance, etc., and, depending 
on the results of this check, to determine the time during which 
foremilk is removed. 

SUMMARY OF THE ZKVENTION 

The teat cleaning and pre-milking device of US 6,321,682 Bl is 
incapable of detecting whether foremilk has actually been 
extracted from the teat of the milking animal. Further, the 
device has no means whatever for checking the collected 
foremilk. 

The device of US 6,155,204 uses in various embodiments two 
rotating elements for cleaning and pre-milking. To shift from 
the cleaning mode to the foremilking mode, at least one of the 
rotating elements is deforraable or the rotating elements can be 
brought in a different position or in a different condition of 
movement in relation to each other- Both the cleaning and the 



pre-milking may be unsatisfactory using such kind of rotating 
elements . 

Further, both the above devices lack any means whatsoever for 
analyzing the quality of the foremilk, for comparing the quality 
of the foremilk with a desired value, and for controlling the 
subsequent milking of the milking animal depending on the 
quality of the foremilk, 

A general object of the present invention is thus to provide an 
apparatus and a method, respectively, for satisfactory cleaning 
and pre-railking of a teat of a milking animal prior to the 
milking animal being milked, by which it is possible to control 
the subsequent milking of the milking animal. 

A particular object of the invention is to provide such an 
apparatus and such a method, which are automatic and capable of 
providing, prior to the milking animal being milked, an 
indication whether or not milk drawn from the teat of the 
milking animal during a s\ibsequent milking should be mixed with 
milk drawn from another milking animal. 

It is a further object of the invention to provide such an 
apparatus and such a method, which are capable of providing a 
separate indication of the above kind for each teat of the 
milking animal. 

It is still a further object of the invention to provide such an 
apparatus and such a method, which are reliable, flexible, of 
fairly low cost, and relatively easy to inqolement also in 
existing milking systems. 

It is yet a further object of the invention to provide a milking 
system, preferably an automated milking system provided with a 
milking robot, comprising an apparatus that accomplishes the 



above objects and means for directing milk from the teats of a 
milking animal individually to one of a plurality of locations. 

These objects, among others, are according to the present 
invention attained by apparatuses and methods as specified in 
the appended patent claims. 

By establishing that milk is actually extracted from a teat of 
the milking animal during cleaning and pre-milking by a 
combined cleaning and pre**milking apparatus; measuring a 
quality, preferably a somatic cell count value, of the foremilk 
extracted from the teat of the milking animal during the 
cleaning and pre-milking procedures; comparing the measured 
quality of the foremilk with a reference quality value; and 
indicating, depending on the comparison, whether or not milk 
drawn from the teat of the milking animal during a subsequent 
regular milking should be mixed with milk drawn from another 
teat of the milking animal or from another milking animal , 
proper separation of milk on a teat-individual basis can be 
performed . 

The technique is preferably implemented in a milking system 
such as an automated or semi-automated milking system 
comprising a device for milking the milking animal and means 
for directing milk from the teat of the milking animal 
individually to one of a plurality of locations depending on 
the measured quality of the foremilk extracted from the teat of 
the milking animal ^obtained during the cleaning and prer-milking 
procedures. The milking system may be arranged in any of 
parallel stall. Herringbone, or rotary configuration. The 
device for milking the milking animal may include a milking 
robot for attaching the teat cups of the milking system to the 
teats of the milking animal. 



In a particular embodiment the milking system is provided with 
a number of regular teat cups corresponding to the number of 
teats of the milking animal; where the regular teat cups are 
capable of being attached to the teats of the milking animal 
5 and trough which milk is capable of being drawn to a common 
location; at least one further teat cup capable of being 
attached to a teat of the milking animal and trough which milk 
is subsequently capable of being drawn individually to a 
location different than the common location; and means for 
10 attaching to the teat .of the milking animal, either one of the 
regular teat cups, or through the further teat cup depending on 
the indication whether or not milk drawn from the teat of the 
milking animal should be mixed with milk drawn from another 
milking animal, and for subsequently drawing milk through, 

15 Thus, if there is indicated that the milk from a particular 
teat of the milking animal should not be mixed with milk from 

■ 

the other teats, e.g. due to a high cell count value or 
similar, which indicates that the milking animal has mastitis 
or other infection in that teat or udder section, the regular 
' 20 teat cups are attached to the other teats of the milking animal 
and the further teat cup is attached to the particular teat, 
whereupon milk drawn through the regular teat cups is collected 
at one location, e.g. in a milk storage tank, whereas milk 
drawn through the regular teat cups is collected at another 

• a • 

\ 25 location, e.g. in feed supply device for calves, or is 
discarded. 

* » * 

IP r « 

The use of a further teat cup is particularly advantageous in 
an automatic milking robot system. In a typical situation only 
i:: ^ fraction of the milking animals in a herd have mastitis, and 

30 of these a vast majority has only one infected teat or udder 
section. Thus, after that an ill milking animal has been milked 



by the automatic milking robot system it is probable that a 
healthy milking animal will next be milked. During this milking 
all the regular teat cups can be used concurrently with that 
the further teat cup, which has been used for milking the 
infected teat or udder section, can be cleaned thoroughly and 
sterilized. This cleaning and steriliaation, although being 
much more thorough than any regular cleaning of teat cups, can 
thus be performed without causing any additional delay in the 
milking procedures. 

Devices for establishing that milk is actually extracted from a 
teat of the milking animal during cleaning and pre-mi Iking, and 
for measuring the quality of the foremilk extracted from the 
teat of the milking animal during the cleaning and pre-railking 
procedures may each be a device for non-contacting measurement, 
e.g. an optical device. 

In a preferred embodiment the, teat cleaning and pre-milking 
apparatus comprises a light transparent chamber, through which 
milk as obtained during the cleaning and pre-milking procedures 
is flowed, and the device for establishing that milk is 
actually extracted is a device for determining the composition 
of a fluid in the light transparent chamber, which comprises a 
light source for illuminating the light transparent chamber, 
and a light detector for detecting light from the light source 
after having interacted with the fluid in the light transparent 
chamber, .... 

In a further preferred embodiment of the present invention the 
teat cleaning and pre-milking apparatus comprises a light 
transparent measuring chamber, through which milk as obtained 
during the cleaning and pre-milking procedures is flowed, and 
the device for measuring the quality of the foremilk is a 
device for counting somatic cells or fat droplets, which 
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comprises a light source system for illuminating milk that 
flows through the measuring chamber; a two-dimensional camera 
system including a lens system, preferably a microscope, for 
repeatedly recording two-dimensional digital images of 
illuminated milk that flows through the measuring chamber, 
where the two-dimensional digital images are recorded through 
the lens system; and a digital image processing system for 
determining a somatic cell or fat droplet count score from the 
two-dimensional images. 

Alternatively, the devices for establishing that milk is 
actually extracted and for measuring the quality of the 
foremilk may each be a device for milk-contacting measurement, 
e.g, a conductivity meter or an ion-sensitive sensor based 
device, having a sensor or probe located inside the teat 
cleaning and pre-milking device. 

The use of milk-contacting sensing means is particularly 
advantageous in a combined teat cleaning and pre-milking 
apparatus since the sensor or probe coming into contact with 
the milk measured can easily be cleaned by the cleaning means 
of the apparatus subsequent to having been in contact with milk 
during the pre-milking. Hereby, accurate and precise 
measurements are enabled. 

Further characteristics of the invention, and advantages 
thereof, will be evident from the following detailed description 
of preferred embodiments of the present invention given 
hereinafter and the accompanying Figs. 1-5, which are given by 
way of illustration only, and thus are not limitative of the 
present invention. 



In the following detailed description the milk producing animals 
are cows. However, the invention is not limited to cows, but is 
applicable to any animals having the capability to produce milk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Pigs, 1 and 2 illustrate schematically, in top and cross- 
sectional views, respectively, a cleaning and pre-milking 
apparatus according to a preferred embodiment of the present 
invention . 

Fig, 3 illustrates schematically, in a cross-sectional top view, 
a device for counting somatic cells or fat droplets in milk as 
being comprised in the apparatus of Figs. 1 and 2. 

Fig. 4 illustrates scheniiatically, in a cross-sectional view, a 
cleaning and pre-milking apparatus according to a further 
preferred embodiment of the invention, 

Fxg. 5 illustrates schematically main components of a milking 
system according to a yet further preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Figs. 1 and 2 show a preferred embodiment of a combined teat 
cleaning and pre-milking apparatus in accordance with the 
present invention. The apparatus comprises a teat cleaning and 
pre-milking device 51 including a teat receiving means in the 
shape of an approximately cylindrical teat cup 53 with a teat 
receiving opening 55 in its upper surface 57. 

The teat cup 53 is intended to be placed under the udder of a 
cow to be milked with the opening 55 below a teat 54, which is 
to be cleaned prior to milking. The teat cup 53 is then raised 
so that teat 54 enters through the opening 55. The opening 55 



is surrounded by a resilient sealing collar 56, which is in 
substantially airtight sealing contact with the udder when the 
teat 54 is fully inserted into the teat cup 53. 

The teat cup 53 is provided with an approximately tangential 
inlet nozzle 59 near the upper surface 57, A cleaning fluid 
supplying line 65 connected to a cleaning fluid supply (not 
shown) and a drying air supply line 67 connected to an air 
supply (not shown) can be selectively connected to the nozzle 
59. 

A vacuum supply line 69 connected to a vacuum supply (not 
shown) is connected to an outlet opening 71 in the bottom of 
the teat cup 53 via a valve 73 to be used for pre-milking of 
the teat of the cow subsequent to cleaning. A foremilk 
collection vessel 89 is connected to the vacuum supply line 69 
via a valve 91. 

The teat cleaning and pre-milking device 51 is further 
described in the above-identified US 6,321,682 Bl, the content 
of which being hereby incorporated by reference. 

Further, the combined teat cleaning and pre-milking apparatus 
comprises a pre-milking sensing device 60 for establishing that 
foremilk is actually extracted from the teat of the cow during 
the pre-milking, and a milk quality sensing device 62 for 
measuring a quality, preferably a somatic cell count value, of 
the foremilk extracted from the teat of the cow during the pre- 
milking. Both the sensing devices 60 and 62 are conveniently 
connected to a computer 64. 

The pre-milking sensing device 60 is preferably an optical 
device for non-contacting measurement, and to this end a light 
transparent chamber 70 is provided in the vacuum supply line 69 



10 ..... 

upstream of the foremilk collection vessel 89. The device 60 
aims at determining the composition of the fluid or mixture of 
fluids in the light transparent chamber 70 and comprises a 
light source 68 for illuminating the light transparent chamber 
5 70, and a light detector 72 for detecting light from the light 
source 68 after having interacted with the fluid or fluid 
mixture in the light transparent chamber 70, An example of a 
pre-milking 'sensing device 60 for use herein is disclosed in 
the Swedish patent No. 515 187 C2, the content of which being 
10 incorporated by reference. This device is capable of 
distinguishing fluids like air, water cleaning fluid and milk. 

The milk quality*-sensing device 62 is preferably also an 
optical device for non-contacting measurement, and accordingly 
a light transparent cell 80 is provided in the vacuum supply 

15 line 69 upstream of the foremilk collection vessel 89. The 
device aims at counting somatic cells or fat droplets and 
comprising a light source 78 for illuminating foremilk that 
flows through the measuring cell 80, and a two-dimensional 
camera system 82 for repeatedly recording two-dimensional 

20 digital images of illuminated milk that flows through the 
measuring cell 80, where the computer 64 includes a digital 
image processing module for determining a somatic cell or fat 
droplet count score from the two-dimensional images. 

In Fig, 3 a preferred embodiment of the milk quality-sensing 
25 device 62 is illustrated. The light transparent chamber 80 
comprises a top and a bottom cell block 31 and 32, which when 
being attached to each other in a fluid tight manner by means 
of four bolts 33 to form a milk passageway 34 from left to 
right as indicated by arrows 35. 

30 The bottom cell block 32 is provided with a substantially 
vertical through hole 36. A surface portion of the bottom cell 



block 32, which together with a corresponding surface of the 
top cell block 31 , form the passageway 34, is shaped to be 
plane, A light transparent plate 38 fitted within the flat 
portion is glued to the bottom cell block 32 in a fluid tight 
manner • The size of the hole 36 is selected so that a 
magnification lens system 37, preferably a microscope, of the 
two-dimensional camera system 82 can be inserted therein. 

The top cell block 31 is provided with a substantially vertical 
through hole 39 aligned with the hole 36. A rod 40 is fitted to 
be inserted to the through hole 39 so that a flat end surface 
40a of the rod 40 is located in the passageway 34 opposite to 
and parallel with the plate 38. The rod 40 is tightly fitted in 
the through hole 39 to prevent milk from leaking out through 
the hole 39, and is preferably movable in a vertical direction 
as is indicated by arrow 41, 

During somatic cell count measurements the distance t between 
the light transparent plate 38 and the flat end surface 40a of 
the rod 40 is preferably smaller than about 100 microns. It is 
important to obtain a depth of field and focusing of the camera 
system 82 so that the images will be sharp. 

The rod 40 is preferably light transparent to allow for 
illumination of the milk that flows between the light 
transparent plate 38 and the flat end surface 40a of the rod 40 
by the light source 78, through the rod 55- In order to assure 
that milk is not clogged between the light transparent plate 38 
and the flat end surface 40a of the rod 40, the rod 40 may be 
rotated around its axis during measurements as being indicated 
by arrow 43. 

The camera system 82 is preferably provided with a microscope 
or tele/macro photo lens system 37 to record strongly magnified 



two-dimensional images. Since the camera system 82 shall 
provide for a spatial resolution in the two-dimensional digital 
images better than 2 microns, very small areas are recorded and 
therefore a large number of images have to be recorded in order 
to provide accurate and precise somatic cell count scores. 

The digital image processing of the images may include the 
analysis of number, size, shape, structure, morphological 
structure, density and/or composition of particles found in 
each image. 

The milk quality-sensing device 62 as described with reference 
to Fig. 3 is further detailed in our pending Swedish patent 
application No. 0300431-4, the content of which being hereby 
incorporated by reference. 

A single measuring device may be provided instead of the 
sensing devices 60 and 62, which is capable of both 
establishing that foremilk is extracted from the teat of the 
cow during the pre-milking, and measuring a quality of the 
foremilk extracted from the teat of the cow during the pre- 
milking. 

The operation of the teat cleaning and pre-milking apparatus is 
shortly described below. 

A teat is cleaned by spraying it with a high-speed cleaning 
fluid ejected from the nozzle 59. The impact of the fluid on 
the circular inner wall 75 of the teat cup 53 produces 
vortices, which. clean the teat due to their turbulent motion. 
This turbulent motion, and consequential cleaning effect can be 
increased and adjusted, for example, by pulsating the fluid 
flow, injecting air into the fluid flow, applying a vacuum to 



the teat cup, and/or disturbing the flow by means of 
protuberances 77 on the inner wall 75 of the teat cup 53. 

The cleaning fluid leaves the teat cup 53 via the outlet 
opening 71, a further outlet 79, and a non-return valve 81. 
Preferably the draining of the cleaning fluid from the teat cup 
53 is assisted by vacuum being applied to the outlet 79, 

After cleaning, the teat 54 is dried by air being blown into 
the teat cup 53 via the drying air supply line 67. After 
passing teat 54 the air can leave the teat cup 53 through the 
outlet 71. 

V 

Subsequent to drying, the teat 54 is pre-milked. This is 
achieved by producing an under pressure in the teat cup 53 by 
opening the vacuum supply valve 73, This under pressure is 
chosen to be sufficient to overcome the muscle pressure holding 
a milk canal 83 of the teat 54 closed, which milk canal 83 
leads milk from the teat milk cavity 85 to the tip 87 of the 
teat 54. Thus, the milk canal 83 opens and foremilk contained 
in the milk cavity 85 is caused to flow to the tip 87. The 
foremilk is sucked though the opening 71 and into the vacuum 
supply line 69, and is collected in the vessel 89. 

During pre-milking, the pre-milking sensing device 60 
establishes that foremilk is extracted from the teat of the 
cow, and the milk quality sensing device 62 measures the 
somatic cell count value of the foremilk. The signals from the 
devices 60, 62 is directed to the computer 64, which holds a 
reference somatic cell count value and which is provided with a 
computer program product including software code portions for 
comparing the measured somatic cell count value of the foremilk 
from the teat of the cow with the reference somatic cell count 
value, and indicating, depending on the comparison, whether or 
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not milk drawn from the teat of the cow during subsequent 
milking should be mixed with milk drawn from the other teats of 
the cow or with milk drawn from another cow., when the computer 
program product is run on the computer 64. Preferably, the 
reference somatic cell count value is a threshold value, and an 
indication that milk drawn from the teat of the cow during 
subsequent milking should not be mixed, is made if the measured 
somatic cell count value is higher than the threshold value. 

By such provisions true separation of milk on a teat-individual 
basis can be performed. 

After the foremilk has been collected, the inlet valve 91 is 
used to close the inlet to the vessel 89, and the teat cup 53 
can be removed from the teat 54 of the cow. 

The combined teat cleaning and pre-milking apparatus is 
preferably used for cleaning and pre-milking each of the teats 
of . the cow in a sequential order, whereupon the pre-milking 
sensing device 60 establishes that foremilk is extracted from 
each of the teats of the cow, the milk quality sensing device 
62 measures the quality of foremilk extracted from each of the 
teats of the cow, and the computer 64 compares the measured 
qualities of the milk from each of the teats of the cow with a 
respective quality reference value, and indicates, depending on 
the comparisons, whether or not milk drawn from each of the 
teats of cow during subsequent milking should be mixed with 
milk drawn from the respective other teats of the cow. 

However, an alternative embodiment of the invention comprises 
for of the combined teat cleaning and pre-milking apparatus so 
that each of teats of the cow can be cleaned and pre-milked 
concurrently (not illustrated). 



It shall be appreciated that surfaces of each combined teat 
cleaning and pre-milking apparatus that come into contact with 
the foremilk during pre-milking shall be cleaned before next 
teat is cleaned by that cleaning and pre-milking apparatus. 

Further, the apparatus of Figs. 1 and 2 may comprise a device 
for measuring the amount of foremilk that is extracted from the 
teat of the cow during pre-milking, an.d optionally a device for * 
finishing the pre-milking depending on the measured amount of 
milk that is extracted from the teat of the cov; during pre- 
milking (not illustrated). 

In an alternative embodiment the computer 64 may receive an 
indication of the identity of the cow, and optionally the 
identity of the teat of the cow, and adapt the cleaning and 
pre-milking of that cow or the teat of that cow individually 
depending on the indicated identity of the cow, and optionally 
the identity of the teat of the cow. 

Turning next to Fig* 4, which illustrates a further preferred 
embodiment of the cleaning and pre-milking apparatus of the 
present invention. The apparatus is identical with the Figs^ 1 
and 2 embodiment except for the sensing devices 60 and 62, 
which here is comprised of a single milk-contacting measurement 
device. 84, e.g. a conductivity meter or an ion-sensitive sensor 
based device, including a sensor or probe 86 located inside the 
vacutim supply line 69 of the teat cleaning and pre-milking 
apparatus. Further, in this embodiment, the teat cleaning and 
pre-milking apparatus is adapted to automatically clean the 
sensor or probe 86 subsequent to having been contact with milk 
during pre-milking. 

For instance, a conductivity meter may be used to sense that 
milk is actually extracted from a teat of the milking animal 



during cleaning and pre-milking since milk has distinguishable 
conductivity values as compared to air, water and the cleaning 
fluid. Further, the conductivity meter is capable of measuring 
a milk quality such as the somatic cell count value of the 
foremilk extracted from the teat of the milking animal during 
the cleaning and pre-milking procedures due to mastitis since 
ion concentration, and thus electrical conductivity, in mas tit ic 
milk is higher than in normal milk. 

An ion-sensitive sensor based device is capable of 
distinguishing pre-milk from water or a cleaning fluid based on 
different concentrations of some ion in said pre-milk and in 
said water or cleaning fluid. 

Fig, 5 illustrates some of the main components of an automated 
milking system for cows wherein the present invention is 
implemented. The automated milking system comprises four teat 
cups 11. Each teat cup 11 is connected to a respective milk tube 
12, which in turn is connected to an end unit 13 via a 
respective valve or regulator 14, a respective flow meter 15, a 
respective milk conduit 16, optionally a respective conductivity 
meter or other measuring device such as an infrared spectrometer 
device (not shown), and a common milk meter 17. The end unit 15 
is connected to a vacuum source (not illustrated) via a milk/ air 
separator 18 and a vacuum supply conduit 19. 

During regular milking of the teats of a healthy cow, the teat 
cups 11 are attached to the teats of a cow typically by a robot 
arm (not illustrated) and vacuum is supplied to the end unit 13 
via the vacuum supply conduit 19 to draw milk from the teats of 
the cow, through the milk lines and into the end unit 13. The 
valves or regulators 14 may be used to control the individual 
vacuum levels in the teat cups 11. The milk from each udder 
quarter of the cow is measured individually by the flow meters 



15 r after which the weight of the milk from the cow is measured 
by the common milk meter 17. Further, a pump and regulator 
system 20 is provided for pumping the milk to e.g. a larger milk 
storage tank (not illustrated) via a milk output line 21 
5 connected to the end unit. 

A computer-based processing and control device (not illustrated) 
is responsible for processing and controlling of the milking, 
and comprises typically a microcomputer, suitable software, and 
a database including information of each of the cows milked by 
10 the milking machine, such as e.g. when the respective cow was 
milked last time, when she was fed last time, her milk 
production, her health, etc. 

The automated milking system comprises further a cleaning 
apparatus 9 for cleaning various parts of the milking system on 

15 a regular time basis or when needed; an inventive combined teat 
cleaning and pre-milking apparatus 22, which may be either the 
apparatus of Fig, 1 and 2 or the one of Fig. 4; and a further 
teat cup .23, which is connected to a separate end unit 24 via a 
milk tube 25, a valve or regulator 26, a flow meter 27, and a 

2 0 milk conduit 28. The separate end unit 24 is connected to a 
vacuum source (not illustrated) via a milk/air separator 29 and 
a vacuum supply conduit 30. Milk drawn through the teat cup 23 
and into the separate end unit 24 can be pumped by a pump 7 

(which may be the same pump as being used for pumping the milk 

■ > 

25. from the end unit 13) through a separate milk output line, which 
may be used for discarding milk from the milking of an udder 
\ quarter of a cow, for pximping the milk to another separate tank, 
or for pumping the milk to a feed device for feeding calves. 

* 

When milking a teat of a cow in the milking system of Fig. 5, 
;'30 either one of the teat cups 11 or the teat cup 23 is attached to 

b 

: the teat depending on the indication whether or not milk drawn 
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from the teat of the cow during subsequent milking should be 
mixed with milk drawn from the other teats of the cow or with 
milk drawn from another cow, as made by the computer 64. For 
instance, if there is indicated that the milk from a particular 
teat of the cow should not be mixed, e.g. due to a high cell 
count value or similar, which in turn suggests that the cow has 
mastitis or other infection in that teat or udder section, the 
teat cups 11 are attached to the other teats of the milking 
animal and the teat cup 23 is attached to the particular teat, 
whereupon milk drawn through the teat cups 11 is collected at 
one location, e.g. in a milk storage tank, whereas milk drawn 
through the teat cups 23 is collected at another location, e.g. 
in feed supply device for calves, or is discarded. 

The use of the further teat cup 23 is particularly beneficial 
in an automatic milking robot system. In a typical herd of cows 
only a small proportion of the cows have mastitis, and of these 
a vast majority has a single infected teat or udder quarter. 
Thus , after that an ill cow has been milked by the automatic 
milking robot system it is probable that a healthy cow will 
next be milked. During this following milking of the healthy 
cow, all the regular teat cups 11 can be used concurrently with 
that the further teat cup 23, which has been used for milking 
the infected teat or udder quarter during the previous milking, 
can be cleaned thoroughly and sterilized by the cleaning 
apparatus. This cleaning and sterilization, although being much 
more through than any regular cleaning of teat cups, can be 
performed without causing any additional delay in the milking 
procedures . 
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CLAIMS 

1* An apparatus for cleaning and pre-milklng a teat of a 
milking animal prior to the milking animal being milked 
comprising: 

- a teat cleaning and pre-milking device (51) having cleaning 
means and pre-milking means, wherein, during cleaning and pre- 
milking procedures, said teat of the milking animal is exposed 
to said cleaning means and said pre-milking means, said 
apparatus being characterized in: 

- pre-milking sensing means (60; 84) for establishing that milk 
is actually extracted from said teat of the milking animal 
during the cleaning and pre-milking procedures; 

- milk quality sensing means (62; 84) for measuring a quality, 
preferably a somatic cell count- value, of said milk extracted 
from said teat of the milking animal during the cleaning and 
pre-milking procedures; 

- comparing means (64) for comparing the measured quality of 
said milk with a reference quality value; and 

- indicating means (64) for indicating/ depending on said 
comparison, whether or not milk drawn from said teat of the 
milking animal during a siibsequent milking should be mixed with 
milk drawn from another milking animal. 

2. The apparatus of claim 1 wherein 

- said teat cleaning and pre-milking device (51) is provided 
with a teat receiving opening (55), and a teat receiving 
opening sealing means (56), and said pre-milking means is 
comprised of vacuum-supplying means (69) to create an under 




pressure in said teat cleaning and pre-milking device, wherein, 
during said cleaning and pre-milking procedures, said teat of 
the milking animal is received by the teat receiving opening 
and said sealing means is in substantially airtight sealing 
5 contact with the udder of the milking animal. 

V 

3. The apparatus of claim 1 or 2 wherein 

- said teat cleaning and pre-milking device is adapted to be 
used to expose each of the teats of the milking animal for said 
cleaning and pre-milking procedures in a sequential order; 

10 - said pre-milking sensing means is adapted to establish that 
milk is actually extracted from each of the teats of the 
milking animal during said cleaning and pre-milking procedures; 

- said milk quality sensing means is adapted to measure the 
quality of milk extracted from each of the teats of the milking 

15 animal during said cleaning and pre-milking procedures; 

- said comparing means is adapted to compare the measured 
qualities of the milk from each of the teats of the milking 
animal with a respective reference quality value; and 

- said indicating means is adapted to indicate, depending on 
2 0 said comparisons, whether or not milk drawn from each of the 

teats of the milking animal during a subsequent milking should 
be mixed with milk drawn from the respective other teats of the 
milking animal. » ' 

4. The apparatus of claim 1 or 2 comprising a number of said 
25 teat cleaning and pre-milking device, said pre-milking sensing 

means; and said milk quality sensing means, which corresponds 
to the number of teats of the milking animal. 
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5. The apparat.us of any of claims 1-4 wherein any of said pre- 
milking sensing means and said milk quality sensing means is a 
device (60; 62) for non««contacting measurement. 

6. The apparatus of claim 5 wherein said device for non- 
contacting measurement is an optical device (60; 62). 

7. The apparatus of claim 6 comprising 

- a light transparent chamber (70), through which said milk as 
obtained during the cleaning and pre-milking procedures is 
flowed, wherein 

- said pre~milking sensing means is a device for determining 
the composition of a fluid in said light transparent chamber 
comprising a light source (68) for illuminating said light 
transparent chamber, and a light detector (72) for detecting 
light from said light source after having interacted with said 
fluid in said light transparent chamber. 

8. The apparatus of any of claims 1-7 wherein said milk quality 
sensing means is a somatic cell count device (62). 

9. The apparatus of any of claims 1-7 comprising 

- a light transparent measuring chamber (80), through which 
said milk as obtained during the cleaning and pre-milking 
procedures is flowed, wherein 

- said milk quality sensing means is a device for counting 
somatic cells or fat droplets comprising a light source system 
(78) for illuminating milk that flows through said measuring 
chamber; a two-dimensional camera system (82) including a lens 
system, preferably a microscope, for repeatedly recording two- 
dimensional digital images of illuminated milk that flows 
through said measuring chamber, where said two-dimensional 




digital images are recorded through said lens system; and a 
digital image processing system for determining a somatic cell 
or fat droplet count score from said two-dimensional images. 

10. The apparatus of any of claims 1-9 wherein any of said pre- 
5 milking sensing means and said milk quality sensing means is a 

device (84) for milk-contacting measurement having a sensor or 
probe (86) located inside said teat cleaning and pre-milking 
device . 

11. The apparatus of claim 10 wherein said teat cleaning and 
10 pre-milking device comprises means for cleaning said sensor 

subsequent to having been in contact with milk during said pre- 
milking. 

12. The- apparatus of claim 10 or 11 wherein said device for 
milk-contacting measurement is any of a conductivity meter or 

15 an ion-sensitive sensor based device. 

13- The apparatus of claim 12 wherein said conductivity meter 
or said ion-sensitive sensor based device is capable of 
distinguishing pre-milk from water or from a cleaning fluid 
based on different conductivity or different ion concentration 
2 0 of said pre-milk and said water or cleaning fluid. 

14. The apparatus of any of claims 1-13 comprising 

- means for receiving an indication of the identity of the 
milking animal, and optionally the identity of said teat of the 
milking animal; and 

: 25 - means for adapting the cleaning and pre-milking procedures 

m 

depending on the indicated identity of the milking animal, and 
optionally the identity of said teat of the milking animal. 



15. A milking system comprises the apparatus of any o£ claims 
1-14 and a device for milking the milking animal including 
means for directing milk from said teat of the milking animal 
individually to one of a plurality of locations depending on 
the indication of said indicating means* 

16. The milking system of claim 15 wherein said device for 
milking the milking animal includes: 

- a number of teat cups (11) corresponding to the number of 
teats of the milking animal, where the teat cups are capable of 
being attached to the teats of the milking animal and trough 
which milk is capable of being drawn to a common location; 

- at least one further teat cup (23) capable of b^ing attached 
to a teat of the milking animal and trough which milk is 
subsequently capable of being drawn individually to a location 
different than said common location; and 

- means for attaching to said teat of the milking animal either 
one of the number of teat cups corresponding to the number of 
teats of the milking animal, or through said further teat cup 
depending on the indication of said indicating means; and for 
subsequently drawing milk there through. 

17. The milking system of claim 15 or 16 wherein said milking 
system is automated and said device for milking the milking 
animal includes a milking robot. 

18. A method for cleaning and pre-milking a teat of a milking 
animal prior to the milking animal being milked 
characterized by the steps of : 



- cleaning and pre-milking said teat of the milking animal by a 
teat cleaning and pre-milking device (51) having cleaning means 
and pre-milking means; 

- establishing that milk is actually extracted from said teat 
of the milking animal during pre-milking; 

- measuring a quality, preferably a somatic cell count value, 
of said milk extracted from said teat of the milking animal 
during pre-milking; 

- comparing the measured quality of said milk with a reference 
quality value; and 

- indicating, depending on said comparison, whether or not milk 
drawn from said teat of the milking animal during a subsequent 
milking should be mixed with milk drawn from another milking 
animal • 

19. The method of claim 18 wherein the steps of cleaning and 
pre-milking; establishing; measuring; comparing? and indicating 
are performed for each of the teats of the milking animal in a 
sequential order, or concurrently for all of the teats of the 
milking animal. 

20. The method of claim 18 or 19 wherein any of the steps of . 
establishing and measuring is performed by a device (60; 62) 
for non-contacting measurement, preferably an optical device. 

21. The method of any of claims 18-20 wherein 

- said milk quality is a value of the somatic cell count; and 

- said step of measuring is performed by a device (62) for 
counting somatic cells or fat droplets comprising a light 
source system (78) for illuminating milk that flows through 
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said measuring chaniber; a two-dimensional camera system (82) 
including a lens system, preferably a microscope, for 
repeatedly recording two-dimensional digital images of 
illuminated milk that flows through said measuring chamber, 
5 where said two-dimensional digital images are recorded through 
said lens system; and a digital image processing system for 
determining a somatic cell or fat droplet count score from said 
two-dimensional images. 

* 

22. The method of any of claims 18-21 wherein 

10 - any of the steps of establishing and measuring is performed 
by a device (84) for milk-contacting measurement, preferably a 
conductivity meter or an ion-sensitive sensor based device, 
having a sensor or probe (86) located inside said teat cleaning 
and pre-milking device; and 

15 - said method further comprises the step of cleaning said 
sensor subsequent to having been contact with milk during said 
pre-milking, 

4 

23. A method for milking said teat of the milking animal 
comprising the method for cleaning and pre-milking of any of 

2 0 claims 18-22 and the step of individually directing milk from 
said teat of the milking animal during milking to one of a 
plurality of locations depending on said indication whether or 
not milk drawn from said teat of the milking animal during a 

m m m 

subsequent milking should be mixed with milk drawn from another 

V 

^ 25 milking animal. 

v * ^ 
# * » 
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24. The method of claim 23 wherein said step of individually 
directing milk from said teat of the milking animal during 

9- * 

milking to one of a plurality of locations is performed by a 
milking system comprising a number of teat cups (11) 



corresponding to the number of teats of the milking animal, 
where the teat cups are capable of being attached to the teats 
of the milking animal and trough which milk is capable of being 
drawn to a common location; at least one further teat cup (23) 
capable of being attached to a teat of the milking animal and 
trough which milk is subsequently, capable of being drawn 
individually to a location different than said common location; 
and means for attaching to said teat of the milking animal 
either one of the number of teat cups corresponding to the 
number of teats of the milking animal, or through said further 
teat cup depending on said indication whether or not milk drawn 
from said teat of the milking animal during a subsequent 
milking should be mixed with milk drawn from another milking 
animal, and for subsequently drawing milk there through, 

25, The method of claim 23 or 24 wherein said milking of said 
teat of the milking animal is performed automatically by a 
milking robot. 
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ABSTRACT 

An apparatus for cleaning and pre-milking a teat of a milking 
animal prior to the milking animal being milked comprises a 
teat cleaning and pre-milking device (51) having cleaning means 
5 and pre-milking means, wherein, during cleaning and pre- 
milking, the teat of the animal is exposed to the cleaning and 
pre-milking means. The apparatus comprises further means (60; 
84) for establishing that milk is actually extracted from the 
teat of the milking animal during the cleaning and pre-milking, 
10 means (62; 84) for measuring a quality, preferably a somatic 
cell count value, of the milk extracted from the teat of the 

■ 

animal during the cleaning and pre-milking, means for comparing 
the measured quality of the milk with a reference quality 
value, and means for indicating, depending on the comparison, 
15 whether or not milk drawn from the teat of the animal during a 
subsequent milking should be mixed with milk drawn from another 
animal • 

(Fig. 2) . 
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Fig. 3 
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